Although alterations in emotional arousal have long been associated with changes in cardiovascular dynamics, the precise quantitative relationship has not been fully detailed. Independent assessment of the emotional change was felt to be a necessary component of a quantitatively oriented study. The variously described responses for "anxiety" and "anger" might better be re-explored in such a manner. The emotional arousal was experimentally produced in the laboratory. Measures of pulse, arterial blood pressure, and cardiac output were conducted both before and during the change in affect evoked by the laboratory stimulus. 
SINCE the early studies of Cannon,' psychological activity has been considered an important determinant of the level of cardiovascular function. In ensuing years, much research has been conducted in psychological and physiologic laboratories amplifying Cannon's observations. Relatively few studies, however, have been carried out in which such relationships have been systematically assayed employing experimentally induced alterations of affect and more recently available hemodynamic technics. We have, therefore, carried out such a study on a group of normal human subjects.
METHODS AND SUBJECTS
Young male volunteer university students were studied. They were solicited by the laboratory as subjects for experiments involving psychological factors and paid a fee for the study. Measurement of cardiac output was determined by the multiple sample dye technic of multiple-channel photographic system. Mean pressure levels were determined by electronic integration. Respiratory excursions were recorded by a pneumotachograph. Electrocardiogram was recorded as a standard lead II. All studies were carried out with the subject in the supine position.
The technics used in the study of affect involved 2 phases: the production of affect alteration, and the assay of the actual nature of the affect alteration that was produced. 4 . Following another 10-minute period of rest and quiet, second cardiac output measured (output #2). 5 . Period of affect production conducted, lasting 5 to 10 minutes. At the very end of this period, "stimulatory" cardiac output measured (output #3). 6. Experimental personnel leave laboratory; interviewer enters and conducts interview focusing on subject's affect during stimulus period.
Affect Production
Two types of stimuli were used: role enactment and electric shock. The role enactment procedures consisted of the experimenters either creating an atmosphere of concern about the subject's welfare or accusing the subject of failing to cooperate properly. Concern about the subject's welfare Factors and references were made about the subject's appearance, pulse, and blood pressure, all indicating concern of the experimenters. After 5 to 10 minutes of this role enactment, the cardiac output was determined. Following this stimulus, the subject was reassured.
The role enactments focusing on the subject's failure to cooperate properly consisted of the experimenters repeatedly asking the subject to hold perfectly quiet. When some bodily motion occurred, the experimenters expressed disapproval and annoyance. When no bodily motion occurred, the subject was told that he was not properly relaxing and that his muscles were too tense. The subject was again accused of failure to do what he was asked. The stimulus cardiac output determination was made after 5 to 10 minutes of such exchange.
Electric shock stimulus consisted of the application of an electrocardiographic lead plate to the lower extremity with the connection made to a small rheostat signaling a 5-volt, 5-ampere stimulus. The electric shock was intermittently and unpredictably administered and impulses lasted from 1 to 2 seconds, occurring every 3 to 10 secondsfor a 1-to 3-minute period. During the electric stimulus application, the patient was told the whole purpose of the experiment failed if the shocked extremity moved. The experimenter expressed annoyance when this occurred, and the subject was told he was not fully cooperating. Following the last electric shock, a stimulus output determination was made.
Affect Measurement
Immediately following the stimulus cardiac output determination (output #3), a focused interview was conducted. This was the major technic employed in judging the quality of affect that attended the stimulus.
The interview was conducted by one of us in a directive manner. The opening phrases indicated the purpose of the interview. The questions were then directed to having the subject relate his feeling state during the stimulus as well as during the prestimulus periods. The opening questions were: "Could you tell us how you felt during the procedure" and "would you focus on your feeling state when you came to the laboratory and as the experiment went along?" The interviewer attempted to have the subject comment on the entire experiment, including the rest periods and any and all procedures that occurred. The interview was recorded on a wire recorder and later reviewed for content.
The specific affect occurring during the stimulus period was judged in comparison with the control periods and with the inherent quality of the stimulus affect itself. Two major kinds of affect qualities were rated: anxiety and hostility. Intensity of the feeling state was judged by the interviewer from the verbal statements and by the subject's nonverbal expressions observed during the interview. A range scale of 1 to 4 plus was used. A stimulus affect rating of "no change" was also considered, and this rating was given to an evaluation in which no clear-cut expression of affect alterations could be detected. Results of the output studies were not known to the experimenter conducting the focused interview.
RESULTS

Psychological
Twenty-two studies were carried out on 20 subjects. Seventeen stimulus periods consisted of verbal content and 5 of electric shock in addition to verbal content. Affect quality and intensity may be measured in a variety of ways. For the purposes of this study, the focused interview was chosen as most useful. By this means. the interviewer attempts to assay the type and intensity of affect response as recounted by the subject immediately following the experience. This technic depends upon the subject's ability to recall the experience, his ability to disclose his feelings, and the interpretation of the subject 's statements by the interviewer. Although we were not able to control rigorously all these variables, the technic has proved useful in permitting us to quantitate affect measurement. It should be indicated that this interview is not intended to provide a profile of the personality type of the individual under observation but merely determines the affect state at the time of the experiment. The results of these interviews were matched against the hemodynamic observations.
The results reported here indicate that the intensity of affect may be directly correlated with the change ili cardiac output and heart rate. Previous studies have indicated that anxiety, not purposefully induced, as evidenced by some subjects undergoing cardiac catheterization, was associated with marked cardiac output changes and increases in arterial pressure. Our observations parallel these studies but have in addition afforded us the opportunity to isolate the experimentally induced affect change from a period of relative composure in the same experimental subject. More recently, additional direct Fick cardiac output measurements on anxious patients have been reported, but in only one was the cardiac output during anxiety compared to that of composure ini an individual without cardiovascular disease.> The remainder of that report deals with the effect of induced anxiety on the ballistocardiographically determined cardiac outputs of normal human subjects. Our data, therefore, extend this information by more direct circulatory measurements and serve to verify the ballistocardiographic findings. In another report utilizing ballistocardiographic methods, the cardiac output response to exercise was found to be greater in anxious subjects than in relaxed ones.6 Insofar as we are aware, no previous observers have attempted an independent measure of affect intensity and later a correlation with a direct measurement of cardiac output and other circulatory measurements.
It is important to note that the iuean cardiac indices during stimulus of groups I, II, and III are significantly different when analyzed statistically. Since the subjects were not chosen at random, and since the resting values were not similar in all subjects, the technic of analysis of covariance was employed.7 The differences between the means were significant at the less than 1 per cent level. The means of the cardiac iiidices, adjusted for regression and resting differences, were group I, 4.27; group II, 3.78; group 111, 2.76. This demonstration of significant difference between these groups would appear to contribute further confirmation of the correlation of affect intensity and magnitude of psychologic response.
These studies also indicate that the quality of affect, such as anxiety or hostility, may not be differentially related to the circulatory response. Previous observations on cuff-measured blood pressure responses and ballistocardiographic patterns in relation to alteration in affect states indicate some difference' in circulatory response, and in others, a similarity. John Wesley Physician and Apothecary , Wesley also had a considerable bone to pick with the apothecaries. About them he writes, "I am sensible, I may be esteemed wanting of sense if not of modesty, to contradict the skillful in their own art. Yet I cannot help it when either souls or lives of men are at stake." The medicines listed in "Primitive Physic," Wesley emphasized, were "pure, genuine, cheap, safe, easy to be applied and procured by the unlettered. Who can be sure of this when they are compounded in an apothecary? Perhaps he does not have the one ordered by the physician and puts in its place inferior ingredients. Or perhaps he has it, but it is stale and perished." He, therefore, urged the patient to procure his own medicine directly from the chemist. From 
